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(54) OXIDIZER FOR PRODUCING ELECTROCONDUCTIVE POLYMER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an oxidizer useful as an oxidizer for producing an 
eleotroconduotive polymer by chemical oxidation polymerization and capable of producing an 
electroconductive polymer having high electroconductivity and excellent heat resistance with 
less dropping of electroconductivity at high temperature. 

SOLUTION: This oxidizer for producing an electroconductive polymer comprises an organic 
sulfonic acid transition metal salt containing excess transition metal to the chemical 
stoichiometry than the organic sulfonic acid, where equivalent ratio of the organic sulfonic acid 
to the transition metal is preferably 1:1.02 to 1:1.5 and a ferric salt is preferable as the 
transition metal salt. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



CLAIMS 



[C!aim(s)] 

[Claim 1]An oxidizer for conductive polymer manufacture which is an oxidizer for conductive 
polymer manufacture which consists of organic-sulfonic-acid transition metal salt, and is 
characterized by this organic-sulfonic-acid transition metal salt containing a transition metal 
from organic sulfonic acid to an excess stoichiometrically. 

[Claim 2]The oxidizer for conductive polymer manufacture according to claim 1 whose equivalent 
ratio of organic sulfonic acid and a transition metal is 1:1.02 to 1:1.5. 
[Claim 3lThe oxidizer for conductive polymer manufacture according to claim 1 or 2 whose 
transition metal salt is ferric salt. 

[Claim 4]The oxidizer for conductive polymer manufacture according to any one of claims 1 to 3 
which are at least one sort of complex five membered ring compounds chosen from a group 
which a raw material monomer for generating a conductive polymer becomes from thiophenes 
and those derivatives. 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the oxidizer used when manufacturing a 
conductive polymer with the oxidizer for conductive polymer manufacture, i.e., chemical oxidation 
polymerization. 
[0002] 

[Description of the Prior Art]The conductive polymer is used by the high conductivity also as 
solid electrolytes, such as an aluminum capacitor and a tantalum condenser. 
[0003]The conductive polymer in these uses is manufactured by chemical oxidation 
polymerization (it is hereafter written as "oxidative polymerization"), using pyrrole, aniline, 
thiophenes, those derivatives, etc. as a monomer. 

[0004]And on the occasion of the oxidative polymerization as an oxidizer, The transition metal 
salt of organic sulfonic acid is used, and rt is reported that the transition metal salt of the 
aromatic sulfonic acid which has benzene skeletons and a naphiJialene skeleton also in them is 
useful (for example, JP,4-94108,A, JP,1 1-297570,A). 

[0005]However, even when the conductive polymer used as the catholyte of a capacitor was 
manufactured using the aromatic-sulfonic-acid transition metal salt of p-toluenesulfonic acid, for 
example, the second iron, diisopropylnaphthalene sulfonic acid ferric salt, etc., there was a 
problem that heat resistance sufficient under the present circumstances was not obtained. 
[0006] 

[Problem(s) to be Solved by the Invention]This invention solves the problem in the above 
conventional technologies, is faced manufacturing a conductive polymer by oxidative 
polymerization, and has usefulness as an oxidizer, and its electric conductivity is high, and an 
object of this invention is to provide an oxidizer suitable for manufacturing the conductive 
polymer in which heat resistance was moreover excellent, 
[0007] 

[Means for Solving the Problem]This invention solves an aforementioned problem by constituting 
an oxidizer for conductive polymer manufacture from organic~sulfonic-acid transition metal salt 
which contains a transition metal from organic sulfonic acid to an excess stoichlometrically. 
[0008]When organic-sulfonic-acid transition metal salt which constitutes an oxidizer for 
conductive polymer manufacture stoichiometrically contains a transition metal from organic 
sulfonic acid to an excess in this invention, Although a reason a heat-resistant outstanding 
conductive polymer is obtained is not necessarily clear at present, it is thought by containing a 
transition metal from organic sulfonic acid to an excess that it is because a superfluous reaction 
at the time of oxidative polymerization can be suppressed now. 
[0009] 

[Embodiment of the Invention]If the organic sulfonic acid of organic~suIfonic-acid transition 
metal salt and iransition metal salt which constitute the oxidizer for conductive polymer 
manufacture are 1:1 in equivalent ratio in this invention, although it is in a stoichiometrical ratio 
(if this is expressed with a mole ratio) For example, that the stoichiometrical mole ratio of 
organic sulfonic acid and a transition metal is set to 3:1, and that a transition metal is 



stoichiometrically superfluous when a transition metal is trivalent. To 1 Eq of organic sulfonic 
acid, I hear that there are more transition metals than 1 Eq, and there are, for example, the range 
of 1:1.02 to 1:1.5 is preferred as equivalent ratio of organic sulfonic acid and a transition metal. 
That is, the conductive polymer which was excellent in heat resistance being obtained by things 
in the equivalent ratio of organic sulfonic acid and a transition metai making it be the above, the 
fail of the extreme reaction velocity [ that there is little organic suJfonic acid ] depended for 
elapsing is prevented, and it can maintain at practical reaction velocity. Especially as equivalent 
ratio of organic sulfonic acid and a transition metal, 1:1.1-1,3 is preferred. 

[0010]In this invention, as organic sulfonic acid which is one constituent of organic-sulfonic-acid 
transition metal salt, Although not limited in particular, for example Methanesulfonic acid, ethane 
sulfonic acid, Propanesulfonic acid, butanesulfonic acid, styrene sulfonic acid, benzenesulfonic 
acid, Toluenesulfonic acid, ethylbenzene sulfonic acid, xylene sulfonic acid. Propyl benzene 
sulfonic acid, isopropylbenzenesulfonic acid, butylbenzene sulfonic acid, Dodecylbenzenesulfonic 
acid, pentadecylbenzenesulfonic acid, naphthalene sulfonic acid, Methylnaphthalene sulfonic acid, 
ethylnaphthalene sulfonic acid, propyinaphthalene sulfonic acid, butylnaphthalene sulfonic acid, 
dibutylnaphthalene sulfonic acid, dinonylnaphthalene sulfonic acid, etc. are mentioned. 
[0011] Although iron (III), copper (11), chromium (VI), cerium (IV), manganese (VII), ruthenium (III), 
zinc (n), etc. are mentioned as a transition metal which is a constituent of another side of 
organic-sulfonic-acid transition metal salt, trivalent iron (the second iron) is especially preferred. 

[0012]If iron salt is mentioned as an example and explained in this invention about the 
manufacturing method of the organic-sulfonic-acid transition metal salt which constitutes the 
oxidizer for conductive polymer manufacture, First, the trivalent iron compound of ferric chloride, 
ferric sulfate, ferric acetate, etc.. For example, after processing with hydroxylation alkaline 
metals, such as sodium hydroxide and a potassium hydrate, and preparing a ferric hydroxide, Iron 
the ferric hydroxide which removed the water-soluble impurity by centrifugal separation, an 
ultrafiltration, filtering, etc., and removed the impurity to 1 Eq of organic sulfonic acid by the ratio 
which will be 1.02-1.5 Eq. By making it react to organic sulfonic acid in a solvent, the organic- 
sulfonic-acid ferric salt used as the oxidizer for conductive polymer manufacture can be 
manufactured. 

[0013]In manufacturing a conductive polymer using the oxidizer for conductive polymer 
manufacture of this invention, as the raw material monomer. For example, it is preferred to use 
complex five membered ring compounds, such as a thiophene, pyrrole, aniline, and those 
derivatives, especially a thiophene and its derivative are preferred, it divides and 3,4-ethyiene 

dioxythiophene is preferred. 

[0014]In order to manufacture a conductive polymer using the oxidizer for conductive polymer 
manufacture of this invention. First, the oxidizer for conductive polymer manufacture which 
consists of the above-mentioned specific organic-sulfonic-acid transition metal salt. After 
dissolving the raw material monomer beforehand so that it may become specific concentration 
with an organic solvent, respectively, mixing those solutions and carrying out fixed time oxidative 
polymerization of the raw material monomer, a conductive polymer can be manufactured by 
washing and drying. What is necessary is to mention methanol, ethanol, n-propanol, n-butanol, 
etc., for example, and just to use either of the above-mentioned solvents as an organic solvent 
used in the above-mentioned polymerization, also in the case of washing. Although the oxidizer 
which consists of organic-sulfonic~acid transition metal salt of this invention acts as an oxidizer 
to which oxidative polymerization of the raw material monomer is carried out at the time of 
manufacture of the above-mentioned conductive polymer, The organic sulfonic acid which 
constitutes the organic-sutfonic-acid transition metal salt is introduced as a dopant into the 
matrix of the polymers obtained, and carries out the operation which improves the conductivity 
of the polymers obtained. 

[0015]The conductive polymer manufactured as mentioned above has high conductivity, and heat 
resistance is excellent, for example, it can be used useful in uses, such as a capacitor, a battery, 
an antistatic sheet, and a paint for corrosion-proof. 
[0016] 



[Examp!e]Below, an example is given and this invention is explained more concretely. However, 
this invention is not limited only to those examples. 

[0017]Stirring this solution violently to 1000 ml of distilled water in the solution which carried out 
the 108.6g (0.2 mol) dissolution of Fe2(S04) 3 and the SHgO under Examples 1~3 and the 
comparative example 1 ~ 4 room temperatures. After concentration added slowly and adjusted 
the sodium hydroxide solution of 5 mol/l the pH to 7, the supernatant fluid was removed by 
centrifugal separation and the sediment of the ferric hydroxide was obtained. And in order to 
remove excessive water soluble salt, after making 4000 ml of distilled water distribute the 
sediment of the above-mentioned ferric hydroxide, the operation which removes a supernatant 
fluid by centrifugal separation was repeated twice. 500 g of normal butanol was made to 
distribute the sediment of the obtained ferric hydroxide. 

[0018]Apart from the above, each organic sulfonic acid shown in Table 1 is beforehand dissolved 
in 500 g of norma! butanol, respectively. The dispersion liquid of the above-mentioned ferric 
hydroxide were added in the solution, under the room temperature, after stirring for 12 hours and 
making it react, it distilled and the normal butanol solution of the sulfonic acid ferric salt of 40 % 
of the weight of concentration was obtained, respectively. The equivalent ratio of the organic 
sulfonic acid in the organic-sutfonic-acid transition metal salt which constitutes the kind of use 
organic sulfonic acid in the above-mentioned sulfonic acid ferric salt and quantity, and the 
oxidizer for conductive polymer manufacture, and trivalent iron is shown in Table t. 
[0019] 
[Table 1] 
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[0020]After adding 5 I. of water and stirring for 30 minutes to 250 ml of normal butanol solutions 
of the sulfonic acid ferric salt obtained by the example 4 comparative example 4, vacuum drying 
of the sediment was collected and carried out And the sediment was dissolved in normal butanol 
so that concentration might be 40% of the weight, and the normal butanol solution of the oxidizer 
for conductive polymer manufacture which consists of sulfonic acid ferric salt of Example 4 was 
obtained. 

[0021]About the sulfonic acid ferric salt solution obtained in this Example 4, and the sulfonic acid 
ferric salt solution of the comparative example 4 used as that raw material. When the dry weight 



after 3-~hour heating is measured at 130 ** and the quantity of trivaient iron in it is analyzed, the 
sulfonic acid ferric salt solution of the comparative example 4, Dry weight was 40% and trivaient 
iron of the sulfonic acid ferric salt solution from which dry weight was obtained in Example 4 by 
40% to trivaient iron having been 2.77% (equivalent ratio =1 :1 of organic sulfonic acid and trivaient 
iron) was 3,6% (equivalent ratio =1:1,3 of organic sulfonic acid and trivaient iron). This is 
considered to be because for butyinaphtiialene sulfonic acid and naphthalene sulfonic acid to 
have separated and for the sulfonic acid ingredient to have decreased by hydrolysis. 
[0D22]Each sulfonic acid ferric salt solution obtained by the example of examination 1 
aforementioned examples 1-3 and the comparative examples 1-3 and 3,4-ethyiene 
dioxythiophene were dissolved so that concentration might become 0.5 mot/! to normal butanol 
beforehand, respectively. Under a room temperature, in a vial bottle with sealing with a content 
volume of 5 ml, mix the two above-mentioned sorts of normal butanol solutions every 
[ 250micro / I ], respectively, fully stir, and each sulfonic acid ferric salt is used as an oxidizer, 
The oxidative polymerization of 3,4-ethylene dioxythiophene was made to start, and it was 
promptly dropped I times 1 5mlcro on the ceramic plate (3 cm x 5 cm), respectively. After 
neglecting it at the humidity of about 30%, and the temperature of 20 ** for 48 hours and 
advancing oxidative polymerization, the above-mentioned plate is put in and washed in ethanoi. 
Then, it dried for 30 minutes at 50 **. 

It is an electric conductivity measuring instrument of 4 probe methods about the sheet of the 
obtained poly 3,4-ethylene dioxythiophene after desiccation. Electric conductivity was measured 
by [Mitsubishi Chemical 600 [ MCP-T] (trade name)]. It is shown with the example number and 
comparative example number of an oxidizer (sulfonic acid ferric salt) which use the result for 
Table 2. A system shows the sample (poly 3,4~ethylene dioxythiophene) produced by carrying 
out oxidative polymerization using the oxidizer of an example, and B system shows the sample 
(poly 3,4-ethylene dioxythiophene) produced by carrying out oxidative polymerization using the 
oxidizer of a comparative example. 
[0023] 
[Table 2] 





m ^ m 


mm. (s/cm) 


A-l 


mmi 


46 


A-2 


mm 2 


75 


A-3 


mms 


62 


B-1 


mmi 


1 B 


B~2 


mm 2 


20 


B-3 




20 



[0024]As shown in Table 2, poly 3,4-ethylene dioxythiophene of the sample sign A-1 to A-3 
obtained by carrying out oxidative polymerization using the oxidizer of Examples 1-3, Electric 
conductivity was higher than poly 3,4-ethylene dioxythiophene of the obtained sample sign B-1 
to B-3 by carrying out oxidative polymerization using the oxidizer of the comparative examples 
1-3. Namely, in the equivalent ratio of the organic sulfonic acid in the organic-sulfonic-acid 
ferric salt which constitutes an oxidizer, and trivaient iron. The poly 3,4-ethylene dioxythiophene 
manufactured using the oxidizer of Examples 1 -3 in which trivaient iron consists of superfluous 
organic-sulfonic-acid ferric salt to organic sulfonic acid stoichiometrically, The poly 3 which the 
equivalent ratio of organic sulfonic acid and trivaient iron manufactured using the oxidizer of the 
comparative example 1 or the comparative example 3 which consists of equivalent weight of 
organic-sulfonic-acid ferric salt stoichiometrically, It had high conductivity stoichiometrically 
from the poly 3,4-ethylene dioxythiophene manufactured using 4~ethylene dioxythiophene and 
the oxidizer of the comparative example 2 which consists of organic-sulfonic-acid ferric salt with 



less trivalent iron than organic sulfonic acid. 

[0025]The oxidative polymerization of 3,4-ethylene dioxythiophene is made to start like the 
example 1 of an examination except having used the organic-sulfonic-acid ferric salt solution 
obtained by example of examination 2 Example 4, and the comparative example 4, Then, the 
same operation as the example 1 of an examination was performed except [ all ] having 
neglected it at the humidity of about 50%, and the temperature of 25 ** for 48 hours, and having 
advanced oxidative polymerization. About the obtained poly 3,4-ethylene dioxythiophene sheet, 
electric conductivity was measured like Example 1 . The measurement result of the electric 
conductivity is shown in Table 3. 
[0026] 
[Table 3] 





m it m 


mm (s/cm) 


A-4 




73 


B~4 


mm 4 


7 



[0027]As shown in Table 3, poly 3,4-ethylene dioxythiophene of the sample sign A-4 obtained by 
carrying out oxidative polymerization using the oxidizer of Example 4, Electric conductivity was 
higher than poly 3,4~ethylene dioxythiophene of the obtained sample sign B-4 by carrying out 
oxidative polymerization using the oxidizer of the comparative example 4. Namely, in [ even if 
origin is the same compound ] the equivalent ratio of organic sulfonic acid and trivalent iron. 
When oxidative polymerization of the 3,4-etiiylen© dioxythiophene Is carried out using as an 
oxidizer the organic-sulfonic-aojd ferric salt which processed so that trivalent iron might become 
an excess from organic sulfonic acid stoichiometricaliy, Poly 3,4-ethylene dioxythiophene whose 
electric conductivity is higher than the case where organic sulfonic acid and trivalent iron carry 
out oxidative polymerization of the 3,4-ethylene dioxythiophene stoichiometricaliy using 
equivalent weight of organ ic-suifonic-ac id ferric salt as an oxidizer was obtained. 
[0028]About the sheet of the poly 3,4-ethylene dioxythiophene obtained in the example 1 of 
example of examination 3 examination, and the example 2 of an examination, after measuring 
electric conductivity, respectively, each sheet was neglected in the 130 ** thermostat, the sheet 
was taken out temporally, electric conductivity was measured, and the decreasing rate of 
electric conductivity was investigated. The result Is shown in Table 4. in addition — passing 
through the decreasing rate of electric conductivity from an Initial electric conductivity value 
(electric conductivity value measured in the example 1 of an examination, and the example 2 of 
an examination), as shown in the following formula — the time — the back — an electric 
conductivity value is lengthened, the electric conductivity difference is broken by an initial 
electric conductivity value, and it is indicated by percent (%), 

mmmmmm-^mmmm 
mmmrm i%) ^ x i o o 

mmmm&m 

[0029]That is, the decreasing rate of electric conductivity shows how much the electric 
conductivity of each poly 3,4-ethylene dioxythiophene sheet fell from initial electric conductivity 
by neglect under an elevated temperature. 
[0030] 
[Table 4] 
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2 41^^1^^ 


4 smmm 


A- 1 




2 3 


4 1 


A~2 




9 


32 


A-3 




1 7 


37 


A-4 




1 3 


34 


B-1 


mmi 


3 7 


60 


B- 2 


mm 2 


3 2 


5 5 


B~3 


mmz 


3 0 


45 


B-4 


mm4 


50 


74 



[00313As shown in Table 4, also in the temporality-proof nature in an elevated temperature, the 
poly 3,4-ethylene dioxythiophene obtained by carrying out oxidative polymerization of the 3,4~ 
ethylene dioxythiophene using the oxidizer of Examples 1-4 had few falls of electric conductivity, 

and heat resistance was excellent. 
[0032] 

[Effect of the Invention]As explained above, in this invention, face manufacturing a conductive 
polymer by oxidative polymerization, and it has usefulness as an oxidizer. And electric 
conductivity was high and, moreover, the fall of the electric conductivity by the neglect under an 
elevated temperature was able to provide the oxidizer for conductive polymer manufacture which 
can manufacture few heat-resistant outstanding conductive polymers. 



[Translation done.] 



